T otal gastrectomy is known to result in a significant weight loss in 40% to 90% of patients. 1, 2 The reason for this has long been examined. Although maldigestion and malabsorption of protein and fat resulting in steatorrhea are consistently reported, 1-5 patients after total gastrectomy are able to keep in positive nitrogen balance. 2, 3 In an elegant experiment, Bradley et al 3 showed that gastrectomized patients are physiologically capable of caloric intake sufficient to result in weight gain during an in hospital smorgasbord diet, while an accurate record was kept of their ad libitum intake. The same patients reached only 85% of recommended daily caloric allowances for the maintenance of ideal body weight after returning to their home environment. In view of the more than adequate caloric intake during hospitalization, neither limited capacity nor fear of dumping is an acceptable explanation. Lack of appetite, absence of hunger sensation, lack of personal initiative, or psychical disturbances could contribute to reduced intake, the authors concluded. 3 The physiology of appetite and eating behavior has drawn increasing attention in the last decades. A number of peripheral and central markers involved in satiety and satiation have been investigated in healthy or obese, young or aged patients. 6 Such investigations on gastrectomized subjects are limited in number and yielded inconsistent results.
In the present report, the most well-studied cholecystokinin (CCK), known to cause early satiety, insulin, examined in the long-term regulation of food intake, and somatostatin, involved in controversial roles in appetite of healthy individuals, 6 but inevitably having a role in dumping syndrome, 7 are examined in patients after total gastrectomy. Total gastrectomy, by removing the hormone producing mucosa of the stomach and rearranging the gastrointestinal route for the passage of food, inevitably alters gastrointestinal hormone production. Different type of surgical reconstructions (pouch construction, exclusion or preservation of the duodenal passage) may result in a different magnitude of this disturbance. The altered production of gastrointestinal hormones may lead to an altered experience of hunger and satiety resulting in decreased caloric intake and reduced quality of life in patients after total gastrectomy.
PATIENTS AND METHODS
Patients from the population of a prospective randomized trial comparing 3 postgastrectomy reconstruction types: simple Roux-en-Y reconstruction, aboral pouch (AP) construction, and aboral pouch with preserved duodenal passage (APwPDP) reconstruction -were recruited for gastrointestinal hormone measurements. 8, 9 The referred randomized trial included 98 patients followed for 24 months and resulted in a significant difference in lipid absorption, quality of life, and serum iron level and transferrin saturation in favor of duodenal passage preservation at 12 months postoperatively. AP without duodenal passage preservation resulted in only better quality of life and lipid absorption. Body weight, body mass index, serum proteins, immunoglobulins, and carbohydrate absorption did not differ between the groups. Part of the results have only been reported yet. 8, 9 Seven patients with Roux-en-Y, 11 with AP, and 10 with APwPDP reconstruction gave their consents to hormone stimulation test. Six healthy volunteers served as control group. The average age of the patients was 56.32 years, and the male-to-female ratio was 19:15. Mean time elapsed after surgery was 16.54 months. Patient characteristics are shown in Table 1 . The 3 different reconstruction types are demonstrated in Figure 1 .
Operative Technique
In case of simple Roux-en-Y reconstruction after removal of the stomach and closure of the duodenal stump, the second jejunal loop is divided. The aboral end is pulled up to the esophagus and an end-to-side esophagojejunostomy is performed. The oral end is sewn into the pulled-up limb, under the mesocolon, 50 cm distal to the esophagojejunal anastomosis as an end-to-side jejunojejunostomy ( Fig. 1A) .
During the construction of an AP, the esophagojejunal anastomosis is formed the same way than in case of an Roux-en-Y reconstruction, but the jejunojejunostomy (50 cm distal to the esophagojejunostomy) is created as a 15-cmlong, antiperistaltic, side-to side anastomosis ( Fig. 1B) .
In case of AP with preserved duodenal passage, the same type of anastomosis is created for the esophagojejunal anastomosis as in case of Roux-en-Y reconstruction. Fifty centimeters distal to the esophagojejunostomy the Roux limb is divided preserving the continuity of its mesentery. The oral end at this division is anastomosed with the duodenal stump in an end-to-end fashion. The aboral end is closed, and the side of this loop is anastomosed to the Y limb in a side-to-side fashion to form the aboral pouch. The pouch is created as a 15-cm-long antiperistaltic side to side jejunojejunostomy under the mesocolon 10 ( Fig. 1C ). 
Hormone Provocation Test
After an overnight fast (12-15 hours) a liquid test meal (500 kcal; 70 g carbohydrate, 36 g protein, 7 g fat) was administered at room temperature, in a sitting position. Blood samples were taken 5 minutes before, and 15, 30, and 60 minutes after ingestion of test meal. One sample from each patient at each time was sent for blood glucose analysis using the glucose oxidase method. Other sample, mixed with EDTA and aprotinin, was collected on ice, centrifuged at 4°C, and the plasma stored at Ϫ30°C for later hormone analysis.
Radioimmunoassays for Cholecystokinin, Insulin, and Somatostatin
Plasma CCK concentration was measured by a commercial CCK radioimmunoassay kit RK-069-04 (Phoenix Pharmaceuticals Inc. Belmont, CA). The CCK antibody was raised against CCK octapeptide 26 -33 (nonsulfated) . The sensitivity of the assay was 1 pg/tube. The CD50 for the calibration curve was 35.44 pg/tube.
Plasma insulin concentration was measured by a commercial insulin radioimmunoassay kit RK-400M (Institute of Isotopes, Budapest, Hungary). The insulin antibody was highly specific for human insulin with cross-reactivity to human proinsulin of 65%. The sensitivity of the radioimmunoassay was 5 IU/mL, the interassay variance was 6.2%, and the intraassay variance was 7.1%.
Plasma somatostatin was measured by a specific and sensitive radioimmunoassay developed at our department and described elsewhere in details. 11
Statistics and Ethics
Experimental design was approved by the local ethics committee. All patients and healthy volunteers gave informed consent to the experiment. SPSS 11.5 software was applied to compare data. Statistical significance was analyzed by factorial analysis of variance (ANOVA) for the series of hormone values in time and one-way ANOVA for integrated secretions. Integrated secretions were calculated as the area under the hormone concentration curve. Parametric variables of patient characteristics were compared with one-way ANOVA, while for nonparametric variables the Kruskal-Wallis test was used. Results are expressed as mean Ϯ SEM. Differences with a P value Ͻ0.05 were considered significant; P value is represented in most comparisons.
RESULTS
The 3 patient groups were homogeneous with regard to age, gender, stage of disease, and post surgical time ( Table 1) . All but 2 patients were operated on for gastric adenocarcinoma, 1 patient in AP group with gastrointestinal stromal tumor and 1 with a fibrosarcoma of the stomach. These 2 patients' disease stages are not shown in Table 1 . Figure 2 demonstrates the blood glucose levels in the 4 groups during meal provocation test. Glucose curve for controls seems flat, while for the operated patients reach higher values. The curves look diabetoid, most prominently in Rouxen-Y patients. Factorial analysis of variance found significant difference between the curves for the 4 groups. Groups with duodenal exclusion (Roux-en-Y and AP) had significantly higher glucose levels compared with the normal control group.
Glucose

Insulin
The insulin level increased to abnormally high values in all 3 gastrectomized groups in response to food stimulus, compared with healthy control (Fig. 3 ). The basal values did not differ between the 4 groups. The insulin curve ran highest in patients with preserved duodenal passage (APwPDP). Factorial ANOVA showed that the curves differed significantly according to the type of the groups. Post hoc comparisons showed significant difference between normal and AP and normal versus APwPDP groups (Fig. 3 ). The integrated secretion was higher in the operated groups than in controls; however, the difference did not reach significant level, probably because of the high standard deviation of insulin data ( Table 2 ). Figure 4 demonstrates CCK levels in response to test meal. Regarding this gastrointestinal hormone, the examined groups separated to a group with higher basal as well as stimulated values, incorporating patients with duodenal exclusion (Roux-en-Y and AP patients) and to a group of lower values, including APwPDP patients and the control group ( Fig. 4 ). ANOVA analysis showed significant difference between the curves according to reconstruction type. Post hoc comparisons showed that all 4 groups differed significantly from each other except AP from Roux-en-Y. For integrated CCK secretion, Roux-en-Y and AP groups showed significantly higher amount of secretion compared with normal, while data for APwPDP did not differ from normal significantly ( Table 2 ).
Cholecystokinin
Somatostatin
The postprandial curves for somatostatin plasma levels ( Fig. 5 ) differed even in shape between the groups. The control group reached peak value around 15 minutes and somatostatin level decreased from that point. In patients with duodenal exclusion (Roux-en-Y and AP), somatostatin level increased longer and further, almost twice as high as in normal controls, until around 30 minutes postprandially, then seemed to reach a plateau in AP patients, while starting to decrease in Roux-en-Y. In patients with APwPDP reconstruction, the peak and plateau were at the same time like in AP group; however, somatostatin level did not reach much higher values than in control patients. The data sets differed significantly regarding type of operation analyzed by factorial ANOVA. Post hoc tests showed significantly higher values for AP compared with normal and for AP compared with APwPDP; the rest of the groups did not differ significantly from each other. The integrated secretions also differed significantly with higher values for AP and lower for APwPDP and normal control groups ( Table 2) . Postprandial curve for Rouxen-Y group ran between the curves of AP and APwPDP, integrated secretion of somatostatin for Roux-en-Y patients were also between this 2 groups' results, but there were no significant differences of Roux-en-Y data from any other groups most likely because of the high standard deviation in this group.
DISCUSSION
From a Medline search for gastrointestinal hormone measurements in patients undergone gastric surgery, no clearcut conclusion could be drawn regarding basal and stimulated levels of the above measured hormones. Different studies measured endogenous production of hormones in response to either liquid or solid test meal, or to intraduodenal administration of nutrients. Others administered the hormones exogenously in a fasting or postprandial state and examined the reaction. Subjects have undergone either total or partial gastric resection, with regard, or regardless of the way of reconstruction or they had limited gastric surgery such as vagotomy, antrectomy, or pyloroplasty. 4, 5, [12] [13] [14] [15] [16] [17] [18] [19] [20] Blood sugar regulation has long been described to be disturbed after gastrectomy, with early hyperglycemia and 3 Regarding the type of reconstruction, Schwarz et al found significantly higher glucose levels in Roux-en-Y patients and in patients with pouch construction and duodenal exclusion, while in case of preservation of the duodenal route the pathologic glucose tolerance did not develop. 12 Friess et al, though, in patients with total gastrectomy and preserved duodenal passage, found significantly higher glucose levels in the first 45 minutes after a liquid test meal. 5 In our study, postprandial glucose curves ran significantly higher in patients with duodenal exclusion (Roux-en-Y and AP) compared with controls, supporting the hypothesis that duodenal exclusion disturbs glucose homeostasis more, than reconstructions with a preserved duodenal passage. In contrast to the diabetoid postprandial glucose curves after gastric resection, it has also been described that gastrectomy improves glucose tolerance, ameliorates diabetes mellitus, and decreases insulin demands in diabetic patients. 13 The elevated insulin levels and increased integrated insulin secretion after a test meal in gastrectomized patients found in the present study agree well with these clinical observations. Other studies in the literature on subjects after total gastrectomy regarding endogenous insulin production also found higher postprandial levels. 5, 12 Regarding duodenal passage preservation, Schwarz et al found the insulin level elevated only in jejunum interposition cases and not in cases where the duodenum was excluded. In our experiment, the postprandial insulin secretion draws an elevated curve for all operated groups regardless of the reconstruction type ( Fig. 4) . Insulin secretion is stimulated by the high blood glucose peak, as a result of the early and fast intestinal absorption of glucose, due to the rapid intestinal transit in gastrectomized state. In addition, enteroglucagon or glicentin, GLP-1, and GLP-2 also stimulates insulin release. Enteroglucagon is normally secreted by the distal intestinal mucosa if nutrients, especially glucose, reach as far as this point in the bowel. It stimulates insulin release to improve glucose metabolism. Enteroglucagon has been shown to be secreted by the small bowel at an increased rate after gastrectomy. 14 CCK has been one of the most investigated gastrointestinal hormones in gastrectomized patients. In our experiment, the basal level was found to be raised in all 3 groups after total gastrectomy. The integrated postprandial secretion though were elevated only in reconstructions with duodenal exclusion (Roux-en-Y and AP), while in APwPDP reconstruction, where the duodenal route was preserved, the integrated postprandial secretion did not differ significantly from control.
Clinical studies investigating CCK secretion in patients after total gastrectomy 4, 5, 12, [15] [16] [17] [18] found an equal or higher basal level of the hormone in gastrectomized patients compared with healthy controls. The postprandial level after gastrectomy was higher in most studies compared with normal, 4, 5, 12, 17, 18 but lower in 2 studies. 15, 16 Some studies also calculated the integrated postprandial CCK secretion. It was found to be higher after total gastrectomy in 2 experiments 4, 12 and equal to normal in 1 experiment. 18 In those studies, though, where CCK production in gastrectomized subjects were found to be the same or less inducible than in normal controls, a solid test meal was applied or fat load was given directly intraduodenally. CCK, by relaxing the fundus and increasing pyloric tone, has a well-established role in delaying gastric emptying, 19 in this context, regulating its own release by a short circuit feedback mechanism. Nutrients entering the duodenum release CCK, which in turn inhibits gastric emptying. Consequently, nutrient flow ceases and CCK secretion decreases. If patients after total gastric resection are compared with healthy people, the difference is that operated patients do not have the target organ for this effect of CCK; therefore, CCK level remains elevated. The food entering the duodenum brings about CCK secretion, but there is no way for CCK to stop nutrient flow, which results in a higher CCK level. Experiments with a setting of intraduodenal administration of test food can show the differences more precisely in CCK-producing capacity between healthy and operated subjects, ie, CCK levels raise more slowly, but the overall integrated production is equal to normal. 16, 20 The obtained results, though, will not reflect everyday situation, nor will they help to reveal the background of decreased initiative of gastrectomized patients to eat.
In our study, different reconstruction types were compared after total gastrectomy to examine the significance of duodenal exclusion or preservation and pouch construction. Of the above cited experiments, Schwarz et al examined CCK secretion in response to a 400-kcal liquid test meal in patients after total gastrectomy with Roux-en-Y reconstruction, with a 10-or a 20-cm-long oral pouch and Roux-en-Y reconstruction and with jejunum interposition and either 10-or 20-cmlong oral pouches. The peak concentrations of CCK as well as the integrated postprandial CCK secretions were significantly higher in all operated groups compared with healthy controls, but there were no significant differences between the operated groups. 12 In the present study, patients after total gastrectomy with preserved duodenal passage had about the same postprandial secretions than normal, but patients with duodenal exclusion (Roux-en-Y and AP) had significantly higher postprandial CCK production.
The disturbed feedback of gastric emptying on CCK secretion can explain higher CCK levels after gastrectomy in general, but the normal levels in case of duodenal passage preservation must have a different explanation. The exocrine pancreatic function is described to be insufficient after gastrectomy, 5 maybe partly because of the vagal denervation of the pancreas, 20 but more importantly because of a pancreatico-cibal asynchrony, 3 ie, a disturbed speed and order of food passage and endocrine and exocrine secretions along the gut. There is a feedback regulation of pancreatic secretion by intraluminal proteases described in humans. 21 The same feedback is certainly mediated by CCK in dogs, but in humans the role of CCK is less clear; rather, it seems to act together with the cholinergic system as a neuromodulator. 22 If this feedback operates, at least partly, with CCK in humans, the exocrine pancreatic insufficiency, 5 caused by the pancreaticocibal asynchrony, may also add to the elevated level of CCK in case of duodenal exclusion and might explain the normal levels when duodenal passage is preserved. This is supported by our earlier finding of a significantly better lipid absorption, measured by the Lipiodol test in patients with preserved duodenal passage (APwPDP) compared with Roux-en-Y. 9 CCK has extensively been examined in connection with appetite and satiety. 6 Experiments on healthy individuals proved a dose-dependent suppressing effect of CCK on appetite. 23 Studies with young and elderly healthy individuals revealed an elevated basal and postprandial level of CCK in the elderly, probably as a reason for the observed reduced food intake in this group. 24 This so-called anorexia of aging is accompanied by a slowing of gastric emptying, which can also be attributable to the higher CCK level. Our results of a more physiologic CCK response in reconstruction preserving the duodenal route support the application of duodenal passage preservation for postgastrectomy reconstruction, to avoid the probable satiating effect of CCK. This probable difference in appetite did not result in higher body weight in patients with duodenal passage preservation, as reported in our randomized trial; however, it may contribute to the better quality of life found in this group in the first postoperative years. 9 The direct effect of CCK on appetite in gastrectomized subjects, where gastric fullness cannot attribute to the CCK's effect to reach satiety, 25 remains to be elucidated.
Somatostatin in connection with gastrectomy was mainly examined as a potential cure for dumping syndrome. 7, 26 Given exogenously, somatostatin (or its long-acting analogue octreotide) proved to be able to alleviate symptoms of dumping, reduce pulse rate, and abolish late hypoglycemia. However, in chronic use, intractable abdominal cramps and diarrhea can develop, 27 the inhibition of insulin release by somatostatin leads to hyperglycemia and diabetes, 28 and the inhibition of pancreatic exocrine secretion may worsen malabsorption and dumping. 27 Those few studies that examined endogenous production of somatostatin revealed that patients who are doing well after gastrectomy tends to have higher basal levels of this hormone, while those who have dumping symptoms and manometric proof of abnormal bowel motility have lower levels of somatostatin. 29 No study has examined endogenous somatostatin production in response to test meal in gastrectomized patients. In our study, somatostatin levels in patients after gastrectomy were not different from normal in the fasting state. In the first 15 minutes, it raised slightly in all 4 groups. Afterward it returned to basal level in healthy controls, remained slightly raised in patients with preserved duodenal passage, while increased in cases of duodenal exclusion. Sixty minutes were not enough to detect it return to basal level in the operated groups, but certainly it increased significantly higher in patients with duodenal exclusion (Roux-en-Y and AP). Secretion of somatostatin is stimulated by most of the factors that stimulate insulin production, such as enteral glucose and amino acid load. Cholecystokinin as well as insulin also increase somatostatin secretion. In response, somatostatin acts as a generally inhibiting gastrointestinal hormone, decreasing the secretion of most gastrointestinal hormones. Thus, the observed differences between normal and duodenal exclusion patients may only represent a response to the higher levels of other hormones such as insulin and CCK in patients with duodenal exclusion.
The whole problem of postgastrectomy symptoms might be attributed to the accelerated intestinal transit. The rapid transit results in accelerated glucose absorption bringing about higher output of insulin. Accelerated transport of peptides and lipids gives an abnormally large stimulus to CCK production, magnified by the brake in the feedback regulation. All ends in abnormally high gastrointestinal hormone levels, which brings about increased production of somatostatin. And somatostatin will arrest, as needed, this cascade of GI hormone production but additionally reduces gut motility and digestive juice production. The whole phenomenon probably becomes less significant with time due to the intestinal adaptation. 18 This hypothesis, though, needs further evaluation.
CONCLUSION
Our experiment supports a diabetoid blood glucose profile in the first postprandial hour in patients after gastrectomy and routine Roux-en-Y reconstruction, with higher insulin concentrations, elevated cholecystokinin levels, and an increasing somatostatin release after 15 to 30 minutes postprandially. The creation of a pouch seems not to improve much on this disturbed regulation. Duodenal passage preservation, however, helps to moderate the postprandial cholecystokinin elevation and results in a less steep postprandial plasma somatostatin curve, probably reflecting a decreased need for arresting the abnormally high output of other gastrointestinal hormones in these patients.
Our earlier data proved better quality of life in the first postoperative year for AP compared with Roux-en-Y patients, and for APwPDP compared with both AP and Rouxen-Y. 9 Long-term data have not been reported yet. This better life quality may at least partly come from the differences in gastrointestinal hormone profile.
Weather these differences in gastrointestinal hormone production in favor of duodenal passage preservation result in less compromise in appetite and hunger sensation and are able to contribute to a less reduced caloric intake in patients after gastrectomy needs further evaluation. Furthermore, recently discovered hormones involved in appetite and meal size regulation, such as ghrelin and leptins, need to be examined in gastrectomized patients.
